152 Eu gamma-ray measurements in the granite samples exposed to the Hiroshima atomic bomb require concentrating the europium (Eu) and excluding natural radioisotopes. In this study, an ion exchange method was applied for isolating Eu ions from granite samples at 56 m, 502 m and 818 m distances from the hypocenter. Although the Eu samples included 232 Th atoms, the 152 Eu 344 keV gamma-ray full energy peaks were scarcely affected by the gamma rays from the radioisotopes of the thorium series. Almost all of the radioisotopes in the uranium and actinium series were removed. The Eu contents were determined by atomic absorption spectrometry. The 152 Eu specific radioactivities in the samples at 56 m and 502 m were higher than those inferred from the DS02 calculations. In the sample at 818 m, the measured value was in agreement with the calculated value based on the DS02. Estimations of the atomic bomb radiation doses are necessary for many investigations which attempt to decide the acceptable levels of radiation risk to the public and workers. The results in the present study will be useful for studying the uncertainties of the estimated atomic bomb radiation doses.
Introduction
The radiation doses received by the atomic bomb survivors have been estimated using a dosimetry system details of which Accelerator mass spectrometry experiments in Munich showed that the 36 Cl/Cl ratios in the granite rocks at slant distances longer than 1 km approximately agreed with those calculated based on the DS86 3,4) . The DS86 was replaced by the dosimetry system 2002 (DS02) 5) . For the distant samples, the newly calculated 36 Cl/Cl ratios were also approximately coincident with those measured in Munich 6, 7) . The height of the epicenter in the DS02 was 600 m while that in the DS86 was 580 m. The replacement of the dosimetry system made the calculated 36 Cl/Cl ratios lower at close ranges, but they were still larger than measured ratios 6, 7) . Komura et al. 8) measured 152 Eu/Eu ratios in several granite samples from ground distances of 146-1411 m. Most of the ratios were in agreement with those calculated by the DS02. Nakanishi et al. 9) measured the 152 Eu/Eu ratios in wall tiles at 1.06 km ground range. The measured values were approximately 3.8 times of those calculated in free air by the DS02 9, 10, 11) . Shizuma et al. 12) measured the 60 Co/Co ratio at 1.02 km. The measured ratio was approximately twice that calculated in free air by the DS02 11, 12, 13) . Kato et al. 14) measured the 152 Eu/Eu ratios in a gravestone (the Niitani family's gravestone) in the vicinity of the hypocenter. As shown in Fig. 1 , there Eu 20 was a systematic discrepancy between the measured and calculated ratios in the upper part close to the top 14, 15) . A similar discrepancy between the measured and calculated 152 Eu/Eu depth profiles was seen in the granite samples at ground ranges of 128 m and 487 m 16) . Eu gamma rays and to remove the natural radioisotopes from the samples. Kato et al. 17) showed that the ion exchange method was useful for isolating Eu elements from the granite samples for measurements of 152 Eu specific activities in a granite sample close to the hypocenter of the Hiroshima atomic bomb. In this study, we applied the isolation method to three granite samples at different distances in order to determine the 152 Eu specific radioactivity.
Then, how the natural radioactivity from the granite samples affected the gamma-ray measurements was examined precisely.
Materials and Method

Samples
The locations of the samples used in the present study are shown in Table 1 . The location of the hypocenter of the Hiroshima atomic bomb was estimated by many investigators, and the results can be seen in an army map 18) . In the DS86 and the DS02, the location of the hypocenter was assigned on a map with large scale (1 : 2,500) made by the Hiroshima City Office 19, 20) . The coordinates of the hypocenter assigned for the DS86 and for the DS02 were different from each other. In this study, the ground ranges from the hypocenter to the samples were estimated using the coordinates for the DS02. . Sample C was taken from an upper part of a large tombstone at 818 m ground range. The upper part was a granite stone from
Aji quarry which has produced many gravestones used in Hiroshima City. The Eu elements were isolated from a sample piece with the depth less than 5 cm from the upper surface of the top part of the gravestone. The sample of Aji stone was convenient for this study because the Eu content was relatively high 14, 17) . 14) are indicated by open circles, and the DS02 estimates by Egbert 15) are shown by open rectangular marks.
Europium Isolation
The Eu elements in the granite samples were isolated by a method which was almost same as that previously used by Kato et al 14, 17) . Granite sample was powdered in an alumina mortar, and was fused with NaOH at 973 K for 30 minutes. 
Gamma-ray measurement
The gamma rays from the europium samples were measured by a pure coaxial-type Ge detector (Oxford, CPVDS 30-0190, Eu was previously reported 22) . The background was measured in absence of any gamma-ray source. The background counts were subtracted, and the remaining Compton background under the full energy peak was subtracted using a line determined with the counts in the channels higher than the peak. The detection efficiencies for the gamma rays from the radioisotopes in the Th series were determined using a Th-rich mineral sample for educational use (Koken Denshi Sangyo, Co., Ltd., TH-220).
The 232
Th activity in the mineral sample was determined from a measurement locating the sample at 5 cm distance from the Gedetector window, where the detection efficiencies were previously determined 22) .
Measurement of Eu content
The europium sample was dissolved by hydrochloric acid and diluted up to 250 ml, in the case of the sample A. The ten ml 
Results
Gamma-ray measurements
Typical measured gamma-ray spectra for the Eu samples A, Channel Number
Counts per channel Fig. 2 Gamma-ray spectrum of europium sample from Sample A near the hypocenter. This spectrum was obtained by measuring the sample A for 240035 s. Nuclide and gamma-ray energy in keV unit are indicated above each full energy peak. The background counts from the gamma rays from the sample were subtracted using a background spectrum measured for 255151 s.
Eu
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% of intensity, I γ ) and 344.3 keV one (26.5 % of I γ ) were clearly seen in the spectra for sample A. The data on gamma-ray energies and intensities shown in " Table of Isotopes" was referred to in this study 23) . The . .3 keV gamma-ray full energy peak for sample B, and 1.8 ± 0.7 % for sample C. These were taken into account for determining the 152 Eu activities shown in Table 3 . . The amount of Eu ions isolated from sample C was lower than that in 500 g of Aji stone of 0.8-1.0 ppm Eu 17) . Some of the europium ions were probably removed during the numerous ion exchange separations.
Interference by natural gamma ray
As shown in Figs. 3 and 4 , natural radioisotopes in the thorium (Th) series were included in the Eu samples B and C.
Sample B was prepared from typical Hiroshima granite in which Th content was high 21) . The Eu sample C was made from a large amount of granite samples. Fortunately, the gamma rays from the isotopes in the Th series scarcely affected the full energy peak of 152 Eu 344.3 keV gamma rays.
Diamond et al. 25) showed that the Eu elements were clearly separated from Ac elements using Dowex-50 cation-exchange Ra were available for the estimation. In the measurements for samples B and C, the count rates in the interesting channel regions were affected by the gamma rays from the radioisotopes in the Th series. . Eu specific radioactivities, the previously measured 36 C/Cl ratios, and the calculations based on the DS02.
Conclusion
Eu isolations from three granite samples by ion-exchange method were performed, and the measurements of 152 Eu 344 keV gamma rays were almost free from interferences by gamma rays from the natural radioisotopes including those in the actinium series. The amounts of the isolated Eu ions were also measured by atomic absorption spectrometry without interference from other ions. As was the case with several previous measurements, the 152 Eu specific radioactivity in the granite samples at 56 m and 502 m ground ranges were higher than those estimated from the calculations based on the DS02 15) . In the sample at 818 m ground distance, the measured 152 Eu specific radioactivity agreed with that calculated based on the DS02 15) .
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